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Intravenous infusion is a commonly used drug therapy of care professionals, if the 
infusion speed is improper, it’s possible to causes the patient discomfort ,even to 
endanger the life, The infusion process is so long that it’s easy to cause the nurses’ or 
the patient’s neglect, which can increase the medical hidden danger. It’s necessary to 
monitor the infusion process, which increases nurses’ working intensity and consumes 
the energy of person who accompanies the sick. It’s urgent to reduce the hidden danger 
in the infusion process and enhance working efficiency. At present some infusion 
surveillance apparatus take effectual application, but with the network and wireless 
technology rapidly development, it need to invent the more effectual digitization device 
at this moment.  
The Intravenous Infusion Control & Monitoring System consists of a server and 
some collectors, all of which make up a distributed infusion monitor network, and the 
server and the collectors communicate with wireless manner. Simultaneously, when the 
speed is too rapid or the infusion is over, both the server and the collector will alarm 
with sound at the same time. The Intravenous Infusion Control & Monitoring System 
enhances the infusion security and effect through software and the hard ware two 
aspects. 
Both the sever and the collectors use the MSP430F1611 which is extremely low 
power, high capability micro controller and the CC1100 transceiver which is a true 
single chip UHF transceiver designed to operate in the 433 MHz ISM (Industrial, 
Scientific and Medical) frequency band. In this system, we as far as possible use the 
electronic device with low price and high capability, high reliability, high integration 
rate, wide adaptation temperature range, and strong ant-jamming ability.  
 














目  录 
 3
目   录 




1.3  本课题的研究目标和主要内容...........................11 
第二章 静脉输液监控系统的分析.............................14 
2.1  系统需求分析.........................................14 
2.2  组成结构分析.........................................14 
2.2.1  输液数据采集器 ............................................ 15 
2.2.2  监控服务器 ................................................ 15 
2.2.3  无线传输部分 .............................................. 16 
2.3   元器件选型分析......................................20 
2.3.1 电源的选择 ................................................ 20 
2.3.2  单片机的选型 .............................................. 21 
2.3.3 无线收发芯片的选型 ........................................ 25 
2.3.4  报警电路的选型 ............................................ 29 
2.4  本章小结.............................................30 
第三章 静脉输液监控系统硬件电路的设计......................31 
3.1  硬件电路的设计原则...................................31 
3.2  输液数据采集器的电路设计.............................31 
3.2.1  电源电路 .................................................. 32 
3.2.2  光电式液滴检测电路 ........................................ 33 
3.2.3  MSP430 的时钟电路.......................................... 35 
3.2.4  JTAG 接口电路.............................................. 36 
3.2.5  七段 LED 显示电路 .......................................... 38 
3.2.6  报警电路 .................................................. 39 
3.2.7 无线通信电路 .............................................. 40 
3.3  监控服务器的电路设计.................................41 
3.4   硬件电路的抗干扰措施................................41 
3.5  本章小结.............................................42 
第四章 静脉输液监控系统的软件设计..........................43 
4.1   开发环境介绍........................................43 













目  录 
 4
4.3   输液数据采集器程序..................................45 
4.3.1  系统主程序 ................................................ 45 
4.3.2  系统初始化 ................................................ 45 
4.3.3  循环程序 .................................................. 46 
4.3.4  滴速计算程序 .............................................. 48 
4.3.5  七段 LED 显示程序 .......................................... 51 
4.3.6  报警程序 .................................................. 51 
4.4   本章小结............................................52 
第五章  无线传感网络的实现.................................53 
5.1  网络概述.............................................53 
5.2 无线传感网终端的硬件实现 .............................53 
5.3 无线传感网终端的软件设计 ............................54 
5.3.1  网络终端状态转换 .......................................... 55 
5.3.2  网络拓扑及其路由的建立 .................................... 59 
5.3.3  NWK 及 APL 层协议的设计..................................... 62 
5.4  本章小结.............................................64 
第六章、管理软件的开发与系统测试...........................65 
6.1  无线输液实时管理系统.................................65 
6.1.1  系统运行环境 .............................................. 65 
6.1.2  系统结构 .................................................. 65 
6.2  系统测试.............................................68 
6.2.1  测试环境 .................................................. 68 
6.2.2 实测过程 ................................................ 70 
6.3  本章小结.............................................73 
总  结.....................................................74 
参考文献...................................................76 
















Abstract ................................................................................................ 1 
Chapter One Introduction ............................................................... 7 
1.1  Research Background And Study Significance ..............7 
1.2  Contemporary Progress Of The Intravenous Infusion .......8 
1.3  Study Purpose And Primary Coverage....................11 
Chapter Two Analysis On The Intravenous Infusion.................. 14 
2.1  Necessity Of The C&M System ..........................14 
2.2  C&M System Structure And Components .................14 
2.2.1  Data Collectors ....................................... 15 
2.2.2  Monitoring Server ..................................... 15 
2.2.3  Wireless Transmission ................................ 16 
2.3   Analysis On Components Selection ......................20 
2.3.1 How To Choose Power Supply........................... 20 
2.3.2  How To Choose MCU ..................................... 21 
2.3.3 How To Choose Wireless Transceiver ................. 25 
2.3.4  How To Choose Alarm Circuit ......................... 29 
2.4  Summary of This Chapter..............................30 
Chapter Three   Hardware Circuit Design Of The C&M System.......31 
3.1  Design Principle.......................................31 
3.2  Circuit Design Of The Data Collector .....................31 
3.2.1  Circuit of Power Supply .............................. 32 
3.2.2  Circuit of JTAG Interface............................ 33 
3.2.3  Circuit of Drip Detection............................ 35 
3.2.4  Circuit of Detecting Amplified ...................... 36 
3.2.5  Circuit of 7-Segment Led Display.................... 38 
3.2.6  Circuit of Alarming................................... 39 
3.2.7  Circuit of Wireless................................... 40 
3.3  Circuit Design Of The Monitoring Server .................41 
3.4   Anti-Interference Methods .............................41 
3.5  Summary of This Chapter..............................42 















4.1   Development Environment.............................43 
4.2   Design Principle Of The Embedded Program .............44 
4.3   Programs of Data Collector ............................45 
4.3.1  Program of Master ..................................... 45 
4.3.2  Program of Initialization............................ 45 
4.3.3  Program of Circulation ............................... 46 
4.3.4  Program of Speed Calculator ......................... 48 
4.3.5  Program of 7-Segment Led Display.................... 51 
4.3.6  Program of Alarm ...................................... 52 
4.4   Summary of This Chapter.. ...........................52 
Chapter Five  Realization Of The Wireless Communication Protocol 53 
5.1  Summary.........................................................................................53 
5.2  Realization Of The Wireless Network Hardware........................53 
5.3  Software Design Of The Wireless Network..错误！未定义书签。 
5.3.1  State transition of The Wireless Network错误！未定义
书签。 
5.3.2  Topology And Route Algorithm ........ 错误！未定义书签。 
5.3.3  Protocol Design of NWK and APL Layer错误！未定义书签。 
5.4  Summary of This Chapte .............................错误！未定义书签。 
 Chapter Six  Design of Management system and System Testing ......65 
6.1  Management System Of Intravenous Infusion .............................65 
6.1.1  Environment of The System ........................ 65 
6.1.2  Structure of The System.......................... 65 
6.2  System Testing ................................................................................68 
6.2.1  Environment of The Test.......................... 68 
6.2.2 Process of The Test ............................. 70 

















第一章  绪论 
 7
第一章 绪论 







在 20 世纪 90 年代，美国医疗器械工业增长 6%-7%，超过同期 2.7%-4.4%的经
济增长率，欧洲的医疗器械工业增长率也在 3%以上，日本的医疗器械工业增长率
更高达 8%。与此同时，医疗器械市场也十分景气；美国市场销售增长率为 5.1%，
欧共体为 6.1%，日本为 83%。1999 年全球医疗器械市场规模国际统计为 1570 亿美
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